From Apollo 11 to the Space Stations of the Future by Cohen, H.
S e s s i o n  E : -  
Chairman: Prof.  D, A b i r ,  
Fac. of Aeronaut;. Eng. 
T e chnion T-IaiSa and 
Israel Aircraft Industriea I 
” *  
(CODE) 
.. . . . , - . 
https://ntrs.nasa.gov/search.jsp?R=19710012918 2020-03-23T17:21:58+00:00Z
FROM APOLLO 11 TO THE SPACE STATIONS OF THE FUTURE 
H. Cohen 
Director Reliability, Quality & Safety - 
ApOllo.'PrOje'ct, : National Aeronautiida. and 
Space Adrninistpitibn,' 'Waskifigttj%' ' 
Annual Symposium 
National Cbxncil fo r  Civil 'Aviation 
Tel-Aviv - Israel 
October 8-9 ,  1969 
- I -  
The culmination of a decade of eEort has come with the flight 
gf Apollo 11, Wan has left the earth, visited and explored another world a 
~ i l a r t e r  of a million miles away, and returned safely. 
n crreatest and most far-reaching achievement of our time, 
to our generation as the one that ushered in the space age, and not only 
opened up vast reaches of space to manfs  machines, but made them access- 
ible to man himself. A movement has been started which w i l l  not stop, and 
which w i l l  in the course of time extend manfs domain throughout the solar 
system, 
. - ’  
This wi l l  stand a s  the 
History wi l l  refer 
History teaches over and over that the long-range results of 
great human ventures are often, perhaps usually, of greater importance to 
human advancement than a r e  the short-term values, even though the 
shorter-term values may have been the initial driving force. The ancients 
developed writing and the alphabet primarily to keep commercial records, 
but the long-term contribution to the deve! opment of literature, thought, 
science, religion, government - iiideed the whole Spec’Lruli: of human 
intellectual activity - fa r  transcends the initial values. 
cover the next decade in space, but more importantly, where the next de- 
This paper will 
cade can and should lead us in the longer run. 
portant to note that the achievements of the first  decade in space are a 
direct result of proper concern with the longer-range implications of what 
In this connection it is im- 
we initially undertook in space, Russia’s first  Sputnik shocked America as 
a cougtry and raised some basic questions a s  to whether we really were the 
pioneering people we hac? thought, and whether w e  actuzlly had the technical 
pre-eminence that w e  assumed, The National Aeronautics and Space Act of 
1958, which created NASA, although sparked by Sputnik and seeking to  
respond to the immediate challenge, went fa r  beycrid the immediate problem 
to our present long-term capabilities in and use of space, This hard-won 
aapability now opens u p  to us a great variety of new opportunities in space 
for  Y exploration, science, applications, and technology advancement. 
The crucial question wi l l  be what to choose as America's future 
. . i s  
role in following through on the opening u p  of the solar system to man. 
hpve established what may be characterized as an initial foothold in space. 
Man wil l  go Earther. 
bility of discovering extraterrestial life, a discovery that would probably 
rank as the greatest scientific event of the century. 
We 
>. 
In the decade to come, there lies before u s  the possi- 
The next natural step for us  to take in space wil l  be for u s  to 
create permanent space stations in earth and lunar orbits with low-cost access 
by reusable chemical and nuclear rocket transportation systems, and to 
utilize these systems in assembling our capability to explore the planet Mars 
with men. The.. key to carrying out this step in an effective and efficient 
ma.nr,er wi l l  be commonality - the use of a few major systems fo r  a wide 
variety of missions; reusability - the use of the same system over a long 
period of iime for a number of missions; and economy - the reduction in  the 
nnimber of 41throw-away1' elements in any mission, the reduction l1i the number 
r.1 ILFV: devel~'pme1115 L.eyuired, ?,he deveioprneni d new j 3 x " w r a r i ~  b principles  
that capitalize on man's capabilities to operate, maintain and repair  space 
- 
facilities, and the commitment to simplification of space hardware. 
Before we proceed to examine these next steps, let u s  take a 
look at the giant one we have just recently completed (S -1  thru S-26). 
great interesi to the world a re  the results of our  weeks of preliminary analysis 
of the 48 pounds of lunar material brought back by the Apollo 11 crew on 
July 25th. 
that of any known terrestr ia l  rock''. 
Of 
11 The scientists reported that the. chemical composition was unlike 
I *  
Their findinzp'based on the surprisingly large amounts of 
such r a re  elements as  Chromium, Titanium, Yttrium and Zirconium in the 
lunar samples, led several scientists to suggest that at least one of the 
tkree leading theories on the origin of the moon now appeared unsupportable. 
It still  may be that the moon came from somewhere else in 
space and wcl.s captured by earth's gravity, o r  that j t  and the earth were 
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formed at about the same time and out of' the same matter. 
. :  
But the notable differences in lunar and earth chemistry, the 
scientists said, seem to rule out the third hypothesis - that the moon is a 
fragment that ripped off the earth when the earth w a s  young. 
. 1 ~. 
Of equal interest to the scientists was what they did not 
find, 
The scientists did not detect any signs of such precious metals 
as gold, silver of platinum. 
of elements with low melting points, such as Lead, bismuth, sodium and 
pot as  s ium 
They were also intrigued by the low incidence 
The scientists studying the rocks and dirt from the Sea of 
Tranquility confirmed earlier reports that some of the rocks a re  as much as 
3 .  5 billion years  old. 
-. 
?'he scicntists eallecl this the "most exciting observation'! thus 
far-. 
This ra ises  the exciting possibility that future flights to the 
moon wi l l  find rocks dating back to the beginning of the solar system. 
When astronauts visit the lunar high1 ands, whose surface 
features a re  believed to be even more ancient than the plains, they rxay 
collect rocks about 4. 5 billion years old, the estimated age of the earth, 
moon and solar system, 
.:,- 
The oldest known terrestr ia l  rocks to have survived earthls 
erosive winds and water a r e  3.5 billion years  old. 
Many of the rocks a re  igneous, meanlng that they were once 
in a molten state, either from volcanic eruptions o r  f rom the heat gene- 
L 
*ra ted  by meteorite impacts, 
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. I  Impacts from meteorites oq from flying debris *_',Ill + 7 q 3  \.O,,"l't-.~ 
eruptions have had a major role in shaping the face of the n ~ m n .  -411 t k  
Apollo 11 rocks had glass-lined surface pits, which may be caused by ~.%'*%~ers 
of small particles. 
. & . .  
. "  Most of the rocks, though 2 billion to 3. 5 billion -\ L?. . 2 i 
have been periodically tossed about and turned over. 
the presence of pitting all over the surface, not, just  on the uppe r  s ide ,  
This was indics:c2 $." 
Erosion has occurred on the lunar surface - most rocks syc> 
rounded and fairly smooth. Such erosion might corn from solar  radisfio11 
or  micrometeorite impacts ~ 
Lunar dust and nan-igneous rocks - breccia, o r  cornglc\:1~~'~~~e 
rocks - contain large amounts of gases that apparently are  the atomic. !>SI'- 
t ides that boil off the sun  a s  the so-called solar w i ~ d  and steadily b o d ~ - ~ ' - r d  
Chemical analyses of 23 lunar samples showed that all the 
rocks and dust were similar in coniposition; indicating that they W ~ J ' C '  
characteristic of a large region of the Sea of Tranquilttty. 
No evidence has been found thus f a r  of any organic rnatcrhl in 
the fragments to indicate any living processes on the moon. No people\ 
laboratory animals exposed to the moon d i r t  have developed any r e n c t i ~ ~ ~ 1 ~ -  
.t 3%. 
The samples of crystalline igneous rocks werc found to ~ ' m f a i n  
as much a s  1 2  percent titanium oxide. The richest titanium lodes (%I ~ ' ~ ~ ~ t ~ 1 ~  
in certain volcanic rocks, contain no more than 4. 5 percent. 
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. I ’  Consequently, the scientists said in their report that this ”unique 
composition implies either the composition of the rock from which the liquid 
w a s  derived differs significantly from that of the mantle of the earth, o r  that 
the mechanism by which the liquid w a s  formed differs broll i . .ana~gous.aer~~.s t 
t r’ia1. p r  oc e s s e s :’ 
. 8  
. .  7 .  . .  I 
. .  
It w i l l  be necessary to explore in depth many varieties of s u r -  
face features of the moon about which w e  already have some information, For  
this reason, w e  a r e  planning later flights using the Saturn V Launch Vehicle 
and the equipment which has been prepared for Apdlo. Scientists w i l l  go to 
the moon - - geologists, mineralogists , geochemists, and geophysicists wi l l  
be among the first .  
* We expect to permit the astronauts to increase their a rea  of 
‘exploration by going on traverses as f a r  as f i v e  kilometers from the landing 
point. Take the Marium Hills,  €or example, we would expect to land about 
a kilometer away, walk to and up the hill, taking samples u p  to and over the 
top and going down the other side. 
Another region of particular interest is the Hyginus Rille region. 
By shooting appropriate samples, scientists should be able to determine the 
origin of the ri l les running across the lunar surface. 
Another possibility, of course, is that we might find valuable 
Some of the craters are obviously due to huge meteors striking minerals. 
the surface. Along the boundary between the parent material and the meteor 
w e  would expect to  have a region that experienced very high pressure and 
very high temperature. It is the kind of a rea  in which diamonds form, for 
example, and where other minerals of that kind might be expected to be 
found. 
-a+. 
This is spcculation you understand, but i f  it 1s proven t rue  - the 
long r m g e  economic returns wii’~. he great. 
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Beginning with the first landing, the current lunar program con- 
. -  
sis ts  of four flights t u  visit places typical 'of large areas of the moon, Two 
missions a re  to the lunar seas,  the mare, and two to the highlands. 
the second of the missions to  the highlands, a landing will be tried close 
enough to a crater  to get a first  sample of the lunar msterial  in depth, A t  the 
end of this phase of explorationg we wi l l  have ea-1~7 data on the broad com- 
position of the lunar surface materiais and may be able to determine whether 
there a re  important chemical dzferences between different sites, It is 
hoped the scientists w i l l  have established the relative geological ages of the 
mare and the highlands and perhaps have been able to lay a framework for 
the history o€ the moon, 
For . * '  
Current plans include at least nine additional flights. These 
will be visits to  unique sites for  the purpose of examining the specific pro- 
cesses which have made the major differentiatbns in the lunar surface, In 
order to conduct these later missions, we w j i j  have to improve OUT landing 
r ; rbt ,~~acy ZLIJLI make sume changes i ~ i  the hardware. In addition, we wXi3 of I e -re--- 
course, require greater stay lime to cover the points of scientific interest 
at each site, and greater mobility to cover points of interest which a re  not 
located near each other. 
wil l  have to go into non-equatorial orbits. These more ambitious explora- 
tions w i l l  require modification to the command, service and lunar modules 
In order to reach places off the lunar equator, w e  
a s  well a s  improvements in the space suit and in the portable life support 
system. Fhally,  continuation of the geophysical investigation of the lunar 
interior w i l l  require a second generati66 of experiments. This second 
phase of lunar exploration is expected to be comp?eted about the end of 
1972. -,e' 2 %  I . 
Currentiy under stxdy is the definition of a follow- on program - -  
This study wili be conducted while extended a-'survey €or a 1Linal- base site, 
scicxitific exploi-atior cmrdinues, while prosbecting f o r  resources goes on 
and while experim iital base hardware and equipment is being tested, 
- a -  
Throughout history, we have explored by the same basic procc::~. 
. First; we have had to have the transportation necessary to take u s  to the 
new territory; we have made quick sorties into the new area, and we have 
explored sufficiently to decide where we wi l l  establish a base. We believe 
that the same process w i l l  probably go on on the moon. 
landings, we wi l l  hopefully extend the stay-time on the moon to three days. 
The astronauts wi'il have perhaps 36  hours of extravehicular activity, and 
in the process wil l  have gathered information which may contribute eventun11 Y 
We will make a E c w  
to the establishment of a lunar base. Such a base w i l l  probably be built UI) 
slowly, taking parts of necessary equipment t o  the moon on different visits 
and eventually, build u p  a base on the lunar surface which may in many 
respects resemble the bases in Antartica. 
We fully expect that we will f ind both material and information 
-on the' lunar surface which wi l l  be of sufficient importance to us to continucl 
Besides serving as a subject of scientific expioraifon for its ow11 
secrets,  the moon may be an important base for  outward Iobking space s c ~ i c ~ ~ ~ ~ ~ ~ ?  
programs of the future. 
Astronomy appears most likely to profit  from lunar based 
investigation. Briefly, the moon may eventually support lal-ge optical tele - 
scopes, though the advantages of the moon for this use over earth synchrorlotllj 
orbits a r e  not yet clear. 
most ideal location for large radio telescopes will eventually be the far si(fc4 
of the moonl, This may'be the only place within our convenient reach wherc. 
the earth,, which will become increasingly noisy as  a radio source, may bc 
+completely screened cut. 
a very large stable base, with only 1 / 6  gravity, no wind disturbance and no 
On the othe&and, there is strong evidence that t l i t ~  
In  addition, the lunar surface presents u s  with 
. *atmosphere absorption at any wave length, AII of these contribuTe to ad- 
vantages f o r  lai-ge radio telescope installations, 
- 8 -  
Another attractive possibility is to use stations on both the moon 
an$ earth as radio interferometer baseline f o r  highly precise directional 
radio astronomy. In view of the rapid growth and importance of radio 
.as+sonomy and the large sums now being invested in  radio telescopes, far-  
side lunar operations within fifteer, years should be considered very serious- 
1Y 
There a re  also attractive possibilities for  installing large X-ray 
and Gamma-ray telescopes on the moon and using the a.tmosphere-free lunar 
horizon as  an occulting edge that rotates uniformly about the sky, These, 
unlike the radio telescopes, need not be on the far-side since earth noise 
is not a problem here,  
The moon is certain to serve a s  a valuable permanent base for  
monitoring the environment of our solar system, especially particles and 
fields. Solar wind, solar storms, magnetic perturbations, meteorite in-fall, 
and cosmic rays will all be worthy of continuous monitoring froam a '!uiiar 
base. This 
ficant distance and time away from the earth. 
I 
augnent earth based observations by data taken ai a signi- 
A third scientific and technologicdl use of the moon might be for 
laser  communications with spacecraft in cislunar space, and on planetary 
missions. 
terminal would give it obvious advantages over continuous laser  communi- 
cations channels that must penetrate the earth! s atmosphere. 
The lack of atmosphere, of clouds or of ionosphere at a lunar 
-L"' " .F
A s  our space exploration programs evolve, the moon may be 
used as a refueling and launching platform, 
requires twenty times lesgenergy to escape from the moon than from the 
earth, hence, if rocket propellants can eventually be developed from lunar 
resources, there w i l l  be an advantage in using the moon'as a supply and 
lmnch base for infer- planetary operations, 
Because of i t s  low gravity, it 
Whatcver develops in  the way of utilizing the unique character- 
istics of the rnoori, eitirer lor cbj*th'!y 01 space benefits, w e  wi l l  s u r e l y  
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require a base from which to work, 
. .  
It is the considered opinion of many of our- scientists as  well as 
I .  
those primarily interested in space, that the establishment of a large and 
flexible space station is the second logical step in space exploration, 
bility wi l l  be assured by constructirg the statio2 of special modules, 
station in orbit, would, of course, significantly reduce the cost of individual 
space investigations, assuming an economical logistics system, which wi l l  
be discussed later,  
Flexi- 
Such a 
Before proceeding to the Large, flexible space station, we will  
build an embryonic smaller version utilizing equipment developed in the 
Apollo program, This intermediate step will provide u s  with needed data 
on effects of long duration space flight on both men and systems, demon- 
strate that orbital scientific investigations can be efficiently carried out, 
including the operation of a manned solar observatory, and prove that 
cjperation of a space station is indeed ieasibie. This early space slziiori is 
in the form of a tbree-man workshop which wf31 orbit the earth during 1972 
and is currently under development in the Apol'io Applications Program, 
It is desired to take advantage of the superb vantage point for 
viewing the earth provided by missions in earth orbit lasting months or 
years. The next step, therefore, is to provide the larger, 'more soyhisti- 
cated, longer-life space station facility, Attached to such manned facili- 
ties w i l l  be instruments for observations of the earth, both for science and 
applications purposes 
7. 
Especially important w i l l  be the development, test and establish- 
ment of operating techni.ques f o r  telescopes, multispectral cameras, infra- 
red radiometers, radars ,  1 asers,  spectrometers and other instruments 
. % h i d i  w i l l  give new information to trained astronauts in earth orbit in  
atmospheric and earth science problems, 
'rations a r e  studies ci' atmospheric circulation, heat bal.ance, ail-, poll.ution, 
and meteor01 ogic and oceanographic dynamics 
Examples of such special obser- 
These observations w i l l  
- 10 - 
. -permit man to discover, by seeing and carrying out sophisticated measure- 
ments upon these preprogrammed observations of automated instrunients. 
We would expect that these manned observations w i l l  provide the analysis 
and directjcjn that w i l l  permit a total earth sensing program, both auto- 
mated and manned: to take advantage d the unexpected knowledge and 
insights that wi l l  result in. rapid and effective use of the earth sensing 
inform at ion 
. 
Turning now to other disciplines, we expect that manned space 
laboratories in earth orbit will  be the natural means of studying the effects 
of the space environment on man, animals and plants. 
emphasis must be to qualify man himself for space flight, studies on the 
effects of zero gravity, lack of diurnal cycles and radiation effects a r e  
certain. to lead to useful increased knowledge of living systems on earth, A 
manned space station wd.1 afford, for the first time, the possibility of 
carrying out studies on man in a keasonable volume, with good medical 
facilities, for Long duration and with many crew men, 
astronauts to conduct tests and observations 0x1 piants and animals in space, 
While the initial 
The availability of 
to use microscopeso and to return specimens to earth, w i l l  make enormous 
progress possible in this field. ... 
In another module of a manned space station, we expect eventually 
to  see a high energy cosmic ray and high energy physics laboratory. Study-- 
ing the cosmic rays for their own properties w i l l  tell us about the nature 
and origin of the universe, observationi that cannot be carried out on 
earth o r  even in balloons. Letting the r a r e  but extremely high energy 
particles f rom the cosmic rays interact with chosen forms of matter such 
as hydrogen, the physicist may test theories on the nature and properties 
of nuclei, 
It is possible,- dtie to the very high efiergy particles available, 
. that such a high energy physics laboratory, at a modest incremental csst 
to the space sta:icri.q can accompljsh studies irnpossjij le with the largest 
nuclear acccleraiors w e  will have biii’lt by that tim 
- 11 - 
N O T  REPRODUCIBLE 
The installation of such a platform in earth o~.blt  \VI:? give US a research, 
development and operations facility for aCCOnlpl ishiiy the increasingly 
important space goals we envisage for the latter h t f  of' the next decade. 
only distinguishes a crop, but can also be interprc1tv-l to ascertain its 
degree of maturity and i ts  health, W i t h  a certain nulzlber of earth sensing 
satellites in polar orbit, we could know well in advnncc approximate size 
of the worldss forthcoming rice, wheat, corn and Sugar crops. Vd'ith this 
knowledge, properTy applied, it may be possible to improve the distribution 
of the worl-d's food, 
preventive action would greatly decrease annual losscs from crop blight. 
Thus, the management of food for  an exploding pop~~lation becomes poten- 
tially possible through the uses of space. 
By rapidly pinpointing Crop disease, remedial o r  
1 * _  
q." .- -. 
Space photographs offer geologists a valuable business tool, but, 
more importantly, promise to  unlock new mineral deposits quickiy enough 
~ t,o supplant tF,cse which a re  being SO rapidly exhmsted  by our industrial 
accelerativri, 
W a t e r s  c017cr* five-eighlhs of the carthy:: :;ixr.face, 2nd their 
ric1lc.s ;we gcii7g to have to  be l-i?E?-icd to  f y e d  !h~ j::( 1.r8;tsing appetites of the 
Rrorld's g ~ o w h g  po1)sIation. 
- 12 - 
Much is being learned about the ocean floor from satellite r .  
3bservation. From 100 to 200 miles in space the bottom of the ocean is . .  
often a s  vividly clear as  a road map, Water temperatures vary as  c u r r i ” ~ ~  ;* 
These thermal differemes a re  discerniblc f~ , \ :x t  move through quiet waters, 
space on infrared film. Underwater geological structure is also appaut’x:$ 
from space, and maps of the ocean floor, so important to thorough ex~tl,h- 
ration of the seas, w i l l  be impyoved by space photographs, 
of space-gained knowledge should speed o u r  oceanographic accornplishrntr~t:: ; 
The applic:x::\\:: 
1 < , r >  
I 
Even with this broad brush treatment of the subject, I think it ita 
evident that there is a great deal of valuable work which should be donc i t \  
earth orbit 
MOT R E P R O D U C I B L E  
The uses  of space have been limited in concept and extent b ~ r  
the high cost of putting a payload into orbit, and the inaccessibility of 
objects after they have been launched, 
necessary for reusable space vehicles. This knowledge, together with 
awareness of the logistic, requirements of continuing space activity, 1c;~~l:t 
to the conclusion that the next major thrust in space should be the dearc?!otl 
ment of an economical space vehicle for shuttling between earth and the\ 
installations, such as  an orbiting station, which will be operating in sp:il . tC 
Today we havc in s ighl  &e t~,-)-,,-,,;:,~,,, 
:a,% 
Ideally, the “space shuttle‘f would be able to operate in a mo(lr! 
similar to that of large commercial. air . transports and be compatible w i ( l \  tiit, 
environment of major airports, taking off vertically from a small pad, ( l i l t  
patched by crews similar .in size t-o those requii-ed for  intereor?tinenlal J l . i ~ l  
and upon its return from orbit, reentering the atmosphere and gliding lo I\ 
hgrizontal runw ay landing: 
Interestipgly enough ~ the basic design for  an economical ‘ f f i ; ~ ~ ~ j 4 Q t y  
‘shuttXe” could $1 so  be the progenitor of an aircraft for terrestrial. poii~f,. 
to-point trazsport. 
any other, 
No pkice m. earth would be more iE.,a.n one hour f i ~ ~ r i ~  
.. I .* .-. ...-, *.,”. .. L -.._..._ ~”. _, . ‘ 
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Over the past several years, studies have progressed to the point 
where several promising concepts for  an economical, reusable space vehicle 
already existo 
S I .  
However, the germination period of new designs is from 7 to 15 
years. Jet  power, available in 1946, came into commercia:l use on the 
Boeing 707 in 1958. Driving against traditional time lags, the Saturn V 
system has been developed and used within 7 years of its conception. 
It is reasonable to conclude then, that a "space shuttle'' 
development program8 initiated now, could be brought to fruition before the ' 
end of the 1910's. 
Unfortunately, a critical need for  such a transportation system 
wil?. exist before then,, We already know that crews and materials wil l  need 
to be shuttled between earth and laboratories in space, Men and materials 
wiL. be flown back and forth to the space stations which a re  scheduled to 
begin solar investigations in 1912.  Communications, navigation, and earth- 
sensing satellites will  probably require maintenance, or refit. 
as a global transport, the 
\ 
In i ts  role 
i f  space shuttle" could go to work tomorrow. 
The "space shutt1.e" is the key to our e€€icient utilization of the 
capability w e  now have and to the application of the knowledge we h.ave already 
gained. It wi l l  be the bridge which w i l l  carry space-gained knowledge across 
the gap between the public and private sectors for profitable earth applications. 
In conclusion, we stand today with a tested and efficient system 
for the orderly expl.oration of the unknown, with the people, the motivation, 
the knowledge, the facilities, and the equipirrient to attain the first  place in 
spiice and in alj. related aspects of technology, 
-..*: 
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